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Access TMDs through Hard Processes
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Leading-Twist TMD PDFs
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The well-known Sivers effect and
modified universality ARNRN W

» Test of sign reversal of Sivers function in SIDIS VS Drell-Yan is
critical for the TMD factorization approach.

(DY) =2 - f..L (SIDIS)

lepton lepton lepton
antilepton proton RN e plon

ISl in Drell-Yan is repulsive FSIin SIDIS is attractive

Illustration courtesy to M. Burkardt Jin Huang et. al. QCD Evolution 2016 4




Trans-Helicity Functions

} = é B é N o
ng Worm Gear

» Leading twist TMD PDFs, off-diagonal 0.4
and only survive if p;!=0 grr S-Pint.
. 03
» The only T-even and Chiral-even off- : TOT
diagonal TMD 02
o Expect universal between DY and SIDIS 0 15 P-Dint.
> Do not need Chiral-odd FF :
0

» Dominated by real part of interference 0 025 05 075 X
between L=0 (S) and L=1 (P) states Light-Cone CQM by B. Pasquini

B.P., Cazzaniga, Boffi, PRD78, 2008

o Imaginary part -> Sivers effect -

» Harder to access experimentally when
compared to Sivers, need to probe two :
polarization (usually double dilution). 002

» Previous observables require double spin
asymmetries A1 in SIDIS or p+p collisions
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Existing data: Semi-inclusive DIS (SIDIS)

S

| 7

Access of g, in SIDIS

» Transversely polarized nucleon target

» Select quark spin via control
polarization of virtual photon (double
spin asymmetries)

» Tagging quark flavor/kinematics via
choice of final state hadron (FF)
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Access g, in SIDIS Cross Section

do _al y° .
dxdydg.dzdg dP’  xyQ’ 2(1-¢)
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S,, S;: Target Polarization; A,: Beam Polarization
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Existing data: Access g,; in SIDIS
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p+D = p+ h + X, Eur. Phys. J. Spec. Top. 162, 89 (2008).
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e+ n - e+ h + X, Huang, et. al. PRL. 108, 052001 (2012)
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Access g,; via W production in p+p

: : 0.06
Accessing g, from W-boson production oF

- pp->W -> lepton, in twist-3 n=1
» W-boson couple to left-chirality quark, which 004" Parity-violating A, k
provided 100% analyzing power to quark spin 0.02 Metz, Zhou (2011) /
(parity-violating observables) 0

» Flavor separation via charge-selection of W boson .02

» However, previous asymmetry estimation for the o4
decay lepton on show asymmetry near Jacobian

Peak [Kang, Qiu(2009), Boer, den Dunnen, -0.06

Kotzinian (2011), Metz, Zhou (2011)] -0.08
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RHIC/STAR collaboration recently established 2 W S etv,  + STARdat

> PYTHIA MC + B
W-boson kinematic reco in polarized p+p o e “mr_: %m:::sz:f
N STAR, PhYS Rev. Lett. 116, 132301 " 5 "'L data driven QCD

* See also last talk by E. Aschenauer
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Phys. Rev. Lett. 116, 132301
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Differencial Cross section for polarized p+p - W + X

* In kinematic region of ¢» < My, therefore TMD factorization applies.
* Observe boson kinematics after integrating over decays.

i

dyd®dr — 24/28 ]\[%

Huang, Kang, Vitev, Xing, PRD 93 (2016)
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Connection to experimental observables

Huang, Kang, Vitev, Xing, PRD 93 (2016)

pp > W/Z/y* + X, integrated over vector boson decay

J W
do ,
N :O'(I)‘ F[r[f
dyd=qr

+ 5-;__11"\ [sin(wy — ¢s,)Fpry +jcos(ov — os, )F;;:(O‘—_OSA ]

Parity violating

sin(oy —¢g A )

: only probed by weak boson.

For W, bonus++: 100% analyzing power on quark helicity + quark flavor tagging

a

F??]((/)v—(/)s[q) _ cW |:(1/%, + a?/)

q

-

qr - kclT fl J“-
MA EREN ) sin(¢y—dps,, ) cos(py—ds, )
Asln((/Jv—f/)xA ) FTU : Ac<>.s((/)v—(/15/‘ DIl FTU y
TU - ’ TU — ’
N - FUU FUU
qr - kaT 7
— it/ |-
M

Jin Huang et. al. QCD Evolution 2016

~__ -

12



Phenomenology study

» Assumptions:
> No TMD evolution
> Gauss ansatz for k;-dependence

» Parametrizations of TMDs:
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Single transverse spin asymmetries
in week boson production
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Published RHIC data

fut= d} - @

via parity-conserving SSA
STAR, Phys. Rev. Lett. 116, 132301
See also last talk by E. Aschenauer

SIS

via unique parity-violating SSA
our prediction (no evolution),
Huang, Kang, Vitey, Xing,

PRD 93 (2016)
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Experimental outlook: RHIC/STAR W in Run 2017

pTp > W + X > (e+v)+X, transversely polarized p+p collision @ Vs = 510 GeV

Jin’s naive expectation for

STAR projection in

Measured at same time STAR 2017 projection
RHIC cold-QCD WP i } - Based on AN projection on the left
- P-conserving A || P-violating A - 03
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0. 2

Probing TMD PDFs
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Parity-conserving Double spin asymmetries, A ;

» Parity-conserving modulation on LT-double spin
observable > g,= (==~ (== * g, = é*) é
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Parity-conserving Double spin asymmetries, A ;

» Parity-violating modulation on LT-double spin

observable - fni=® - @ * g = @ - é
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Parity-conserving Double spin asymmetries, A,

» Modulation also expected in TT-double spin
asymmetry
» Parity-conserving modulation on TT-double spin

observable - fﬁ=® - @ ¥ g, = @ _

)QEaT : (}TEbT QT — Kar - Kor
2M o Mp

oL Huang, Kang, Vitev, Xing, PRD 93 (2016)
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Parity-violating Double spin asymmetries, A,

» Parity-violating modulation on TT-double spi
observable also >  fi* g} @ * g, = % - @

sin(2¢y —ds , —dsp) ar - Grkor - 47 — kar - Kor
FTT VTOSATPSR) _ oW [fuqaq N5
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Huang, Kang, Vitev, Xing, PRD 93 (2016)
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Summary o

s g, 6

» Within TMD factorization formalism, we \ Ao L‘

presented the cross sections for weak boson

production in polarized pp collisions. And

estimated the spin asymmetries at the top 9ur = @ - @

RHIC energy' FCTO;(r/)v—r/)sA) __ov {quaq @TM%C,T ngJ_CI}
» Unique opportunity of probe g,; via parity oy )

violating single transverse spin asymmetry N

0.3 —

» The W spin physics program at RHIC could be -

viewed as truly multi-purpose: flavor "

separation, tests the universality properties of = o R

TMDs, constrains the TMD evolution effects, = ___IJ-——I{”'ﬂ

and probes the sea quark TMDs. = | ]
» We thank E. C. Aschenauer, A. Metz, D. od o< ar < 3o

Pitonyak, and M. Schlegel for helpful

comments. A5 0 s o0 o5 1 1s

* Curve: Huang, Kang, Vitev, Xing, PRD 93 (2016)
* Points: Jin’s naive expectation of STAR Runl7 projection
based on Sivers A, projection in RHIC Cold QCD plan
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JLab/SolLID E12-11-007 Full projection, neutron A ;

Satisfying the multi-D natural of this study.
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What about A,
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